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Abstract. A few KDP (KH2PO4) and KDP: La3+ (LaCl3) single crystals were grown 
being based on the temperature reduction method. Investigations show that the presence 
of three valent ions like La3+ could be a cause of retarded growth rate and induced 
crystalline lattice defects. Here the pure KDP crystals are compared with KDP: LaCl3 
before and after their exposure to gamma irradiation. Both types of crystals also were 
studied in aspect of other structural and optical properties.  
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1. Introduction 
An impurity ion in the crystalline lattice acts as a foreign 
particle, chemical composition which of differs from the 
main crystal morphology. In many crystallizing 
procedures, the presence of impurities even in the ppm 
range substantially affects the growth parameters and 
habit of crystals. Even though ion impurities exert their 
influences in any stage of crystal growth, their specific 
action induces changes in the growth rate and growth 
kinetics. When the impurity ion is incorporated into the 
crystalline lattice, decreasing the rate of crystal growth is 
a cause of retarded growth processing and created 
considerable changes in the physical parameters.  
Therefore selective impurities could be applied to 
modify the physical properties of crystals for the special 
purposes. Selective additives have been applied vastly in 
crystal growth industry in order to change the 
appearance shape of crystals and modify their qualities 
[1]. Study of influence of impurities on the crystal 
growth procedure has been the subject of many 
researches in recent years [2-7]. 
The different faces of KDP crystal alternatively 
have negative and positive ions. The last charged face 
attracts the ion impurity with the opposite charge and 
subsequently influences on the crystal lattice shape. The 
KDP crystals grown in the presence of La3+ are 
elongated along the b-axis, and predominant faces are 
(101). Incorporation of foreign particles into the surface 
layer of the crystal retards the growth procedure due to 
weak network stresses. 
In the growth from solution, due to high 
supersaturation and nucleation the situation inside the 
growth solution is very unstable. Therefore, to avoid 
nucleation in the growth procedure is very important. 
Low amount of additives, particularly organic ones as a 
solution stabilizer could be utilized to grow crystals in 
large scales and high purity [8-9].  
2. Experimental 
2.1. Crystal growth 
To investigate influence of impurity in the growth 
procedure of KDP crystal, pure and doped KDP crystals 
with lanthanum chloride of 4 wt% as an impurity were 
grown in a system based on the temperature reduction 
method described earlier [10]. Seed dimensions were 
about 5×3×3 mm, and pH of solution growth was 
determined as 3.5. Although the lanthanum chloride has 
been lowered the solubility of solution, the filtered 
solution after 24 h overheating at 65 °C was poured into 
the crystallizer. The initial temperature was 58 °C and 
gradually decreased by the rate of 1 °C per day. After 
start of the growth procedure, there were still some 
insoluble particles in the stirring solution might be 
related to lanthanum chloride molecules. A PID system 
with pt100 sensor was installed as a thermo controller in 
the water bath. The concentration of solution growth was 
measured 40 g/cm3. The pure crystals of KDP are 
colorless but the color of doped crystals was found to be 
milky (Fig. 1). 
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Fig. 1. Photo of the grown KDP:La3+ crystals.  
 
2.2. Irradiation arrangement 
The grown crystals were exposed to gamma irradiation 
using 60Co source in three steps by a dosage of 
respectively 10, 20, and 30 Gray. In order to characterize 
samples, the following experiments were performed on 
both pure and doped crystals.  
3. Optical transmission studies 
Transmission spectra of the polished (001) plane of all 
samples were provided for the 200-2500 nm 
wavelengths. The spectra have been obtained by Cary 
17DX Spectrophotometer and immediately after 
polishing. The transmission of the grown pure KDP 
crystals as indicated by the curve in Fig. 2a are about 
90 % in the visible region, but in KDP:La3+ crystals it 
has been decreased drastically (Fig. 2b). Comparison of 
the spectrum of pure and non-doped samples show that 
the presence of ion impurity considerably decreases the 
transmission percent in KDP:La3+ crystals. Fig. 3 shows 
a weak increase in transmission of doped samples after 
any stage of gamma irradiation.  
     a                                                                                                            
      b                       
Fig. 2. UV-VIS transmission spectra of (001) face of: (a) pure 
KDP; (b) KDP:La3+. 
 
Fig. 3. Comparison of the UV-VIS transmission spectra of 
gamma irradiated samples. 
 
4. EDAX analysis 
The presence of La3+ ions is confirmed by EDAX 
analysis in KDP crystal lattice. The grown crystals were 
analyzed by a Philips XL30 scanning electron 
microscope. EDAX spectrum is shown in Fig. 4. 
 
 
 
Fig. 4. EDAX data of KDP:La3+ crystals. 
 
5. Microardness test 
Microhardness is a good testing to determine the 
firmness degree of matters. The respective tests were 
performed on KDP crystals: pure, doped, and irradiated 
ones. Measurements were carried out using Leitz MM6 
microhardness tester fixed to a Vickers diamond 
pyramidal indenter attached to a microscope. Tests were 
made on the 100 face of crystals with 25 g load for 10 s. 
The related numbers for all kinds of samples in Table 
show that the degree of hardness in pure KDP crystals is 
higher than that in doped crystals. It could be concluded 
that the presence of ion impurity weakens the KDP 
crystalline lattice. The obtained data also show the 
degree of crystal hardness will be increased any time 
after irradiation.                                                                  
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Table. Hardness degree of all the samples in comparison 
with each other. 
 
   
   
 
Sa
m
pl
e 
ty
pe
 
K
D
P 
pu
re
 
K
D
P:
La
3+
 
K
D
P:
La
3+
 
af
te
r f
irs
t 
irr
ad
ia
tio
n 
K
D
P:
La
3+
 
af
te
r s
ec
on
d 
irr
ad
ia
tio
n 
K
D
P:
La
3+
 
af
te
r t
hi
rd
 
irr
ad
ia
tio
n 
Measure of 
hardness 
206 116 122 154 170 
 
6. Conductometry 
At low temperatures, electrical conductivity in 
dielectrics is controlled by impurities but at high 
temperatures due to defects created in crystalline lattice 
it will be increased with temperature increasing [11]. To 
study the influence of lanthanum ions on conductivity of 
crystals, their conductivity were measured by a 
SIGNATONE Four Point Probe system at the room 
temperature. Measurements show that the crystals 
exposed to gamma rays have larger conductivity than 
non-irradiated ones as well as pure crystals. 
7. Conclusion 
Pure KDP crystals and those doped by lanthanum 
chloride were grown by the temperature reduction 
method. Then grown crystals were subjected to gamma 
irradiation in three steps to study the effect of irradiation 
on them. 
EDAX data confirm the presence of lanthanum 
impurity in the KDP crystalline lattice. Transmission 
spectra of the samples and comparison of them show 
that the percent of transmission would be decreased in 
the presence of ion impurity. Conductivity 
measurements of pure KDP crystals and doped samples 
indicate the increase in conductivity after irradiation. 
Microhardnees test show the increase in degree of 
crystal hardness after any stage of gamma irradiation. In 
general our observations agree with earlier theoretical 
studies.  
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